Stable, high-level expression of a type I antifreeze protein in Escherichia coli.
The type I antifreeze proteins are simple amphipathic helical proteins found in abundance in polar fish species, where they act to prevent freezing of internal fluids by a mechanism of noncolligative freezing point depression. Large-scale production of these proteins for research and biotechnological purposes has been hampered by their apparent instability when expressed in heterologous host systems. This has necessitated their production as fusion proteins, in polymeric form, or as proproteins for secretion, with the concomitant necessity for postpurification processing to generate the mature form of the protein. We have successfully expressed a recombinant variant of type I antifreeze protein (rAFP) in Escherichia coli using the inducible T7 polymerase transcription expression system. The rAFP contains five copies of the 11 amino acid ice-binding repeat motif found in all type I antifreeze proteins. The protein accumulates to high levels intracellularly in the form of inclusion bodies, with no apparent degradation by the cellular proteolytic machinery. We have devised a simple and rapid purification protocol for this recombinant type I antifreeze protein which does not require cellular fractionation, purification of the inclusion bodies, or chromatographic steps. This protocol may be of general use for this class of protein. The protein displays all three activities common to these proteins: recrystallization inhibition, noncolligative freezing point depression, and modification of the morphology of single ice crystals in solution.